The fate of an inoculum strain of Rhizobium japonicum was studied using a genetically marked strain I-110 subline carrying resistance markers for azide, rifampin, and streptomycin (1-110 ARS). At the time of planting into a field populated with R. japonicum, seeds of soybean cultivars Kent and Peking were inoculated with varying cell densities of strain 1-110 ARS. At various times during the growing season, surface-sterilized root nodules were examined for the presence of the inoculum strain by plating onto selective media. The recovery of the inoculum strain was unambiguous, varying, in the case of Kent cultivar, from about 5% with plants (sampled at 51 days) that had been inoculated with 3 x 108 cells per cm of row to about 20% with plants (sampled at 90 days) that had been inoculated with 3 x 109 cells per cm. The symbiotically incompatible interaction of Peking and strain 110 in Rhizobium-populated field soil was confirmed by the finding that, at 60 days after planting, only one nodule in 360 sampled contained strain 1-110 ARS. The use of genetically marked Rhizobium bacteria was found to provide for precise identification of the inoculum strain in nodules of fieldgrown soybeans.
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Agronomic benefits due to Rhizobium inoculation are readily observed when soybeans are grown in soils having no significant populations of soybean rhizobia. However, when grown in soils containing well-established populations of Rhizobium japonicum, soybeans often do not respond to Rhizobium inoculations with increased seed yields (2) . Failure of new inoculum strains placed in populated soils to effect increased yields has been attributed to failure to "compete" successfully with the established population of root nodule bacteria (5). Studies (2, 5) have shown that only 5 to 10% of the nodules may be occupied by the inoculum strain even when supplied at numbers manyfold higher than usual.
To displace less-beneficial populations of Rhizobium already established in most soybeangrowing soils with those genotypes ofRhizobium that fix more nitrogen, new methods of either introducing the inoculum or of selecting highly competitive strains must be developed. At present, the development of population displacement techniques is limited by our lack of knowledge about the environmental and genetic factors limiting the introduction of new strains. Serological methods of strain evaluation and identification have been very useful (9) for field studies, but the use of genetically marked bacteria, as first described by Obaton (10) for the study of Rhizobium ecology in the field, has not yet been exploited, although their facility for competition tests with aseptically grown plants inoculated with pure cultures has been demonstrated (6) . zation procedure did not result in a loss of viability of bacteria in the nodules greater than 1 nodule per 100, the plating onto nonselective medium was omitted. In nodule samplings of 25 or 30 per replicate, only the first 10 were plated on both rifampin medium and streptomycin medium, and the remaining were plated only on streptomycin. Plates were incubated for 5 days prior to scoring for the presence of the marked strain according to growth or its absence in the patch (Fig.  1) . Serology was performed on the same suspensions examined for genetic markers essentially as described by Means et al. (9) . RESULTS A preliminary sample of 15 nodules from each treatment of Kent soybeans was taken 43 days after planting. None of the nodules from the uninoculated plot contained a strain that was capable of growth after 5 days on medium supplemented with either 500 ,ug of rifampin or 1 mg of streptomycin per ml. Of plants inoculated with either 3 x 108 or 3 x 109 cells per cm of row, about one-third of the nodules (4/15 and 5/15 nodules) contained a strain that grew on media supplemented with 500 jig of rifampin per ml, with 1 mg of streptomycin per ml, and with both.
The results of sampling Kent and Peking soybean plants 51 days after planting for the presence of the marked strain in the nodules are shown in Table 2 . None of the nodules from control plants contained a strain phenotypically expressing both streptomycin and rifampin resistances. As expected, only about 4% of the nodules from Peking plants inoculated with strain I-110 ARS contained strain 110. Although only 5% or less of the nodules from Kent plants inoculated at 3 x 108 or 6 x 108/cm contained strain ARS, approximately 16% of the nodules from plants inoculated at the rate of 3 X 109/cm contained the genetically marked inoculum strain.
Nodules Between 25 and 40% of the nodules containing serogroup 110 contained strain I-110 ARS (Table 4); the overall average was 33%. Between 20 and 50% of the nodules containing strain I-110 ARS were negative for 110 by serology (Table  4) ; the overall proportion was 30%. This may reflect the presence of another strain predominating in addition to I-110 ARS in as many as 30% of the nodules containing 1-110 ARS.
DISCUSSION
The use of genetically marked soybean microsymbionts provides for precise identification of the inoculum strain in nodules of field-grown soybeans. This is the first time that this utility has been demonstrated unequivocally. Highlevel resistances to rifampin and to streptomycin APPL. ENVIRON. MICROBIOL. 
